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TensorFlow Frontend
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tf.constant(list(range(n)))
lambda i, x:
lambda i, x:

i1<n
(tf.Print(i + 1, [i]), tf.Print(x + 1, [i],

i, out = tf.while_loop(c, b, (8, x))
with tf.Session() as sess:

print(sess.run(i)) # prints [8]
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Kernel Implementation

class ZeroOutOp : public OpKernel {
public:

explicit ZeroOutOp(OpKernelConstruction* context) : OpKernel(context) {}

void Compute(OpKernelContext* context) override {
// Grab the input tensor
const Tensor& input_tensor = context->input(8);
auto input = input_tensor.flat<int32>();

// Create an output tensor

Tensor* output_tensor = NULL;

OP_REQUIRES_OK(context, context->allocate_output(®, input_tensor.shape(),
&output_tensor));

auto output_flat = output_tensor->flat<int32>();

// Set all but the first element of the output tensor to 8.
const int N = input.size();
for (int 1 = 1; 1 < N; 1i++) {
output_flat(i) = @;
¥

// Preserve the first input value if possible.
if (N > @) output_flat(®) = input(8);



MOTIVATIONS

TensorFlow Frontend PyTorch Frontend

def forward(self, inputs, children, arities):

n = 10000
x = tf.constant(list(range(n)))
¢ = lambda i, x: 1 < n i = self.wi_net(inputs)
b = lambda i, x: (tf.Print(i + 1, [i]), tf.Print(x + 1, [i], "x:™)) o = self.wo_net(inputs)
i, out = tf.while_loop(c, b, (8, x)) u = self.wu_net(inputs)
with tf.Session() as sess:
print(sess.run(i)) # prints [8] ... [9999] f_base = self.wf_net(inputs)

fc_sum = Variable(inputs.data.new(self.memory_size).fill_(@))

for k, child in enumerate(children):
Autograph child_h, child_c = torch.chunk({child, 2, dim=1)

@autograph.convert() i.add_(self.ui_nets[k](child_h))

def fizzbuzz(i, n): 0.add_(self.uo_nets[k](child_h))

while i < n: u.add_(self.uu_nets[k](child_h))
msg =

ifi% 3 ==8: :

‘Fizg’ f = f_base
m += 1ZZ . i "
Sg for 1, other_child in enumerate(children):

if 1% 5 == : k(child, 2, din=:
msg += 'Buzz’ other_child_h, _ = torch.chunk(child, 2, dim=1)
if msg == ' f.add_(self.uf_nets[k][1](other_child_h))
msg = tf.as_string(i) fc_sum.add(torch.sigmoid(f) * child_c)
print(msg)
i+=1 ¢ = torch.sigmoid(i) * torch.tanh(u) + fc_sum
. n i h = torch.sigmoid(o) * torch.tanh(c)
return 1

return torch.cat([h, c], dim=1)



MOTIVATIONS

TensorFlow Graph IR PyTorch Frontend AST-based JIT

Enen: def forward(self, inputs, children, arities): import toxrch
softmax_linear gt @toxch.jit.script
save i-= self.wi_net(::mputs) def foo(x, y):
:;gmm 0= self.wo_net(:.mputs) if x.max() > y.max():
local4 g ;v-r:am u = self.wu_net(inputs) -
5 Gradent.
mm f_base = self.wf_net(inputs) iz
Reshapel1-3] local3 v. %‘:?"""" fc_sum = Variable(inputs.data.new(self.memory_size).fill_(9)) =
oca . Z{:‘;’;’: for k, child in enumerate(children): return r
e child_h, child_c = torch.chunk(child, 2, dim=1)
= i.2dd_(self.ui_nets[k](child_h))
0.add_(self.uo_nets[k](child_h))
nofm2 gradient u.add_(self.uu_nets[k](child_h))
Ve Er"f‘""'" f = f_base
conv2 S St for 1, other_child in enumerate(children):
$ e other_child_h, _ = torch.chunk(child, 2, dim=1)
norm1 yacent f.add_(self.uf_nets[k][1](other_child_h))

fc_sum.add(torch.sigmoid(f) * child_c)

XLA Lower Level ops " ¢ = torch.sigmoid(i) * torch.tanh(u) + fc_sum
h = torch.sigmoid(o) * torch.tanh(c) Automatic differentiation
return torch.cat([h, c], dim=1) every iteration.
(ot ) relv y

Trace-based JIT
shuffle_t

(Cmatma ) softmax import torch

return 2%x + y
traced_foo = torch.jit.trace(foo, (torch.rand(3),
torch.rand(3)))

|

softmax = exp(logits) / reduce_sum(exp(logits), dim)



MOTIVATIONS

Frontend API
XLA Lower Level ops
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MOTIVATIONS

NNVM API

X = sym.Variable("x")
y = sym.Variable("y")
z = sym.elemwise_add(x, sym.sqrt(y))

compute_graph = nnvm.graph.create(z)
print(®------- compute graph------- ")
print(compute_graph.ir())

NNVM Graph IR

A = tvm.placeholder((m,), name='A") Compiler IR
B = tvm.compute((m,), lambda i: A[i]*2, name='B"') . I

TVM Halide IR et
s = tvm.create_schedule(B.op) - -

X0, xi = s[B].split(B.op.axis[@], factor=32)
print(tvm.lower(s, [A, B], simple_mode=True))

COMPILED KERNELS

INPUTS CUSTOM RUNTIME OUTPUTS

Generated GPU Code




STATE OF THE ART SUMMARY
-

TENSORFLOW TENSORFLOW XLA PYTORCH PYTORCH - GLOW NNVM + TVM
Staged
Frontend X X
Native
Frontend X X X
Graph X
Optimization
Kernel
Specialization X X
Runtime
Specialization X X X X X
Execution C++ C++ Python Machine Code C++

Level




THE DVM FRONTEND

<
* let linspace = np.linspace(start: @, stop: 1, num: 18, endpoint: true, retstep: false)
* * let colorMap = plt.ge RdBu")
pra— let colors = np.r_[linspace, linspace

* * let mappedColors = colorMap(colors)

for element in 9..<10 {
\/ \ let xElementIndex = labels.scalars.enumerated().filter { $9.element == element }.map { 2 $0.o0ffset + @ }
/ \ let yElementIndex = labels.scalars.enumerated().filter { $@.element == element }.map { 2 $0.offset + h
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THE DVM MIDEND
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THE DVM BACKENDS
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